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(54) FLUOROPOLYMER AND ELECTRIC WIRE AND CABLE BOTH COATED WITH THE SAME 



(57) Although an electric wire or cable, which is 
coated with a fluorine-containing polymer comprising 
tetrafluoroethylene and hexafluoropropylene and, if 
necessary, perfluoroalkyl vinyl ether, wherein a meltflow 
rate (MFR) at 372°C is within a range from 0.1 to 100, 
and the total content (ppm) of an alkali metal and an 
alkali earth metal does not exceed the value obtained 
by calculating^ from the melt flow rate (MFR) at 372°C 
according to the formula (1 ) : 



ing to the formula (2) : 

0.35 X e 0125(MFR) (2) 

contains the alkali metal or alkali earth metal, electrical 
characteristics of the coated electric wire are not im- 
paired and a core wire is not corroded. 



5.2 X e ^25(MFR) +2 (1) 

and exceeds the value obtained by calculating accord- 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present Invention relates to a fluorine-con- 
taining polymer, and an electric wire and cable coated 
therewith and, more particularly, to a fluorine-containing 
polymer containing a very small amount of an aJkall met- 
al and an alkali earth metal, and an electric wire and 
cable coated with the polymer. 

RELATED ART 

[0002] For example, tetrafluoroethytene (TFE)/hex- 
afluoropropylene (HFP) copolymers prepared by the 
emulsion polymerization contain polymer main chains 
and polymer terminals which are unstable to heat and 
a shear force. 

[0003] When a polymer having unstable polymer 
main chains and polymer terminal groups is used as a 
coating material for electric wire or cable, they are de- 
composed by heat or a shear force applied during coat- 
ing to form cells and voids in the coating material and, 
therefore, a core wire can not be completely coated and 
insulating performances are lowered. 
[0004] The kind of the unstable polymer terminal 
group varies depending on the polymerization method 
and the kind of a polymerization initiator and a chain 
transfer agent. For example, when a conventional per- 
sulfate salt (for example, ammonium persulfate, potas- 
sium persulfate, etc.) is used as the polymerization ini- 
tiator in the emulsion polymerization, carboxylic acid ter- 
minal groups are formed. It is known that these carbox- 
ylic acid terminal groups are a source of a volatile com- 
ponent produced during melting of the polymer. 
[0005] Depending on the conditions on melting, 
groups such as olefin (-CF=CF 2 ) and acid fluoride 
(-COF) are sometimes formed at polymer terminals and 
these terminal groups can cause cells or voids in a final 
product of the polymer. 

[0006] To soive these problems of cells or voids in the 
polymer caused by unstable main chains or unstable 
terminal groups, U.S. Patent No. 3,085,083 has pro- 
posed a method of stabilizing the unstable terminal 
groups by bringing a fluorine-containing polymer into 
contact with water at a temperature within a range from 
200°C to 400° C (wet heat treatment) , while Japanese 
Kokoku (Examined) Patent Publication No. 5 - 10204 
(corresponding to U.S. Patent No. 4,626,587) has pro- 
posed a method of reducing the number of unstable 
main chains of aTFE/HFP copolymer by applying a high 
shear force to the copolymer in a twin-screw extruder 
and subjecting the resulting pellets tothefluorlnation re- 
action to improve the color tone of the pellets and to sta- 
bilize the unstable terminal groups. 
[0007] U.S. Patent No. 3,085,083 also describes that 
a base, a neutral salt or a basic salt, which contains an 
alkali metal or an alkali earth metal, is added to increase 



a reaction rate in a wet heat treatment. When the wet 
heat treatment is employed as a method for a stabiliza- 
tion treatment of terminals, a base or salt of the alkali 
metal or alkali earth metal Is often added. 
5 [0008] Even if the fluorinatlon reaction is conducted 
to stabilize terminals as in the latter case, when using 
potassium persulfate as a polymerization initiator, po- 
tassium remains as a residue of the initiator in the pol- 
ymer. 

10 [0009] However, when a fluorine-containing polymer 
prepared by using a compound containing an alkali met- 
al or an alkali earth metal (for example, polymerization 
initiator) or a fluorine-containing polymer post-treated 
with a compound containing an alkali metal or an alkali 

15 earth metal contains a large amount of the alkali metal 
or alkali earth metal, electrical characteristics of an elec- 
tric wire or cable coated with the fluorine-containing pol- 
ymer are likely to be impaired and a core wire is likely 
to be corroded. 

20 

SUMMARY OF THE INVENTION 

[0010] Thus, an object of the present Invention pro- 
vides a fluorine-containing polymer, which does not im- 
25 pair electrical characteristics of a coated electric wire 
and does not corrode a core wire, although it contains 
an alkali metal or an alkali earth metal, and an electric 
wire or cable coated with the fluorine-containing poly- 
mer. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] According to the present invention, the object 
described above can be achieved by a fluorine-contain- 

35 jng polymer comprising 70 to 95% by weight of 
tetrafluoroethylene, 5 to 25% by weight of hexafluoro- 
propylene and 0 to 20% by weight of perfluoroalkyl vinyl 
ether, wherein a melt flow rate (MFR) (g/10 min., ASTM 
D2116) at 372°C is within a range from 0.1 to 100, and 

40 the total content (ppm) of an alkali metal and an 

alkali earth metal does not exceed the value obtained 
by calculating from the melt flow rate (MFR) at 372° C 
according to the formula (1) : 

5 2 xe 0.125(MFR) +2 (1) 

and exceeds the value obtained by calculating accord- 
ing to the formula (2) : 

50 

0.35 x e° 125(MFR) (2), 

and by an electric wire or cable coated with the fluorine- 
55 containing polymer. 

[0012] Regarding the electric wire or cable, which Is 
coated with a fluorine-containing polymer wherein the 
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total content (ppm) of an alkali metal and an alkali earth 
metal exceeds the value obtained by calculating accord- 
ing to the above formula (1), electrical characteristics 
are likely to be impaired and a core wire is likely to be 
corroded. On the other hand, In the case of a fluorine- 
containing polymer wherein the total content does not 
exceed the value obtained by calculating according to 
the above formula (2), unstable terminal groups are not 
sufficiently stabilized. 

[0013] The fluorine-containing polymer used in the 
present Invention Is, for example, a copolymer compris- 
ing at least two monomers selected from the group con- 
sisting of tetrafluoroethylene, hexafiuoropropylene and 
perfiuoroalkyl vinyl ether. 

[0014] The perfiuoroalkyl vinyl ether is a vinyl ether 
represented by the formula (3): 

CF 2 =CFO(CF 2 ) m F (3) 

wherein m is an integer of 1 to 6, or a vinyl ether repre- 
sented by the formula (4) 

CF 2 =CF[0-CF 2 CF(CF 3 )3 n OC 3 F 7 (4) 

wherein m is an integer of 1 to 4. 
[0015] When the fluorine-containing polymer to be 
treated is a tetrafluoroethylene/hexafluoropropylene co- 
polymer (FEP), the copolymer preferably comprises 72 
to 96% by weight of tetrafluoroethylene and 4 to 28% by 
weight of hexafiuoropropylene. When the fluorine-con- 
taining polymer is a tetrafluoroethylene/perfluoroalkyl 
vinyl ether copolymer (PFA), the copolymer preferably 
comprises 92 to 99% by weight of tetrafluoroethylene 
and 1 to 8% by weight of perfluoro propyl vinyl ether. 
When the fluorine-containing polymer is a copolymer of 
tetrafluoroethylene and a plurality of perfiuoroalkyl vinyl 
ethers (MFA), the copolymer preferably comprises 84 to 
99.45% by weight of tetrafluoroethylene, 0.5 to 13% by 
weight of perfluoromethytvinyl ether, and 0.05 to 3% by 
weight of perfiuoroalkyl vinyl ether having alkyl other 
than methyl, such as perfluoropropyl vinyl ether. 
[0016] These polymers may be prepared by copoly- 
merizing the other monomer in such amount that essen- 
tial properties of each polymer are not impaired. Exam- 
ples of the other monomer include hexafiuoropropylene, 
perfiuoroalkyl vinyl ether, ethylene, vinylidene fluoride 
and chlorotrifluoroethylene. 

[0017] The fluorine-containing polymer is preferably 
prepared by the emulsion polymerization or suspension 
polymerization, particularly the emulsion polymeriza- 
tion. The polymerization conditions are the same as 
those in the case of the conventional emulsion polym- 
erization or suspension polymerization, except that the 
amount of the compound containing the alkali metal or 
alkali earth metal (for example, a polymerization initia- 



tor, a chain transfer agent, a dispersant, etc.) Is control- 
led so that the amount of the alkali metal or alkali earth 
metal does not exceed the total content thereof to be 
contained in the resulting polymer. 

5 [0018] In the post-treatment of the resulting fluorine- 
containing polymer, for example, before or after the step 
of drying the fluorine-containing polymer or during the 
extrusion step, even when using the compound contain- 
ing the alkali metal or alkali earth metal, the amount 

10 must be controlled so that the total amount of the alkali 
metal or alkali earth metal in the fluorine-containing pol- 
ymer is within the above defined range. 
[0019] More preferably, the total content (ppm) of the 
alkali metal or alkali earth metal in the fluorine-contain- 

1* ing polymer does not exceed the value obtained by cal- 
culating from the melt flow rate (MFR) (g/10 min., ASTM 
D2116) at 372°C according to the formula (5): 

1.3xe 0125 < MFR) + 2 (5) 

and exceeds the value obtained by calculating accord- 
ing to the formula (6): 

0.7 X e °- 125 < MFR > (6) 

[0020] Specific examples of the alkali metal or alkali 
earth metal include hydroxides such as potassium hy- 
30 droxide or sodium hydroxide, carbonate salts such as 
potassium carbonate or calcium carbonate, sulfate salts 
such as potassium sulfate, or nitrate salts such as po- 
tassium nitrate. 

[0021 ] The fluorine-containing polymer of the present 
35 invention does not substantially have unstable terminal 
groups. 

[0022] Preferably, -CF 2 H accounts for at least half of 
polymer chain terminals and substantially all polymer 
chain terminals comprise -CF 2 H, or -CF 2 H and -CH 3 . As 
40 used herein, the expression "does not substantially 
have unstable terminal groups" refers to the state that 
the number of unstable terminal groups such as COOH, 
-COF and -CF=CF 2 Is at most 20 per 10 6 carbon atoms 
of the polymer. 

45 [0023] When the fluorine-containing polymer is a 
tetrafluoroethylene/hexafluoropropylene copolymer 
(FEP), a tetrafluoroethylene/perfluorovinyf ether poly- 
mer (PFA), a copolymer of tetrafluoro ethyl en e/hex- 
afluoropropylene/perfluoroalkyl vinyl ether, or a copoly- 

50 mer of tetrafluoroethylene, perfluoromethyl vinyl ether 
and perfiuoroalkyl vinyl ether having alkyl other than me- 
thyl, such as perfluoropropyl vinyl ether, It may have a 
melt viscosity of 0.1 to 100 kPa-s at 372°C. 
[0024] The coated electric wire or cable can be pro- 

55 duced In the same method of producing an electric wire 
and cable by coating with a conventional f luororesln, ex- 
cept that the fluorine-containing polymer described 
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above is used as the coating material. 
[0025] The kind of the eiectrlc wire or cable is not spe- 
cifically limited. The core wire may be a single core, a 
strand wire, or a coaxial cable. In the case of the coaxial 
cable, the fluorine-containing polymer used in the 5 
present invention can also be used as an internal insu- 
lating material. 

PREFERRED EMBODIMENTS OF THE INVENTION 

10 

[0026J The following Examples and Comparative Ex- 
amples further illustrate the present invention. 
[0027] Physical properties were determined by the 
fol lowing procedures. 

15 

(1) Melt flow rate(MFR) 

[0028] A melt flow rate (g/1 0 min.) was measured at 
372°C in accordance with ASTM D2116. 

20 

(2) Dielectric dissipation factor 

[0029] A dielectric dissipation factor was measu red by 
a standing wave method using a coaxial cable in accord- 
ance with ASTM D2520. 25 

Example 1 

[0030] By the emulsion polymerization method (po- 
lymerization pressure: 4.2 M Pa, polymerization temper- 30 
ature: 95°C, initiator: ammonium persuifate (APS), 
emulsifier: CyF^COONH^, a tetraftuoroethylene/hex- 
afluoropropylene copolymer (hexafluoropropylene con- 
tent: 10.0% by weight, MFR = 5) was polymerized and 
then coagulated by adding nitric acid after the polymer- 35 
ization. After dehydration and drying, an 1 wt% aqueous 
potassium carbonate solution was added to the polymer 
so that a potassium content was 4 ppm (the amount was 
measured by atomic adsorption spectrometry). After 
dispersing by a powder mixer, the dispersion was dried *o 
again and extruded into pellets in a twin-screw extruder. 
During the extension, water and air were fed (extrusion 
amount: 50 kg/hour, water: 5.5 kg/hour, air: 50 NL/min.) 
in the extruder to stabilize polymer terminals by the wet 
heat treatment. 45 
[0031 ] The structure of the polymer terminals after the 
treatment was analyzed by a Fourier transform Infrared 
spectroscopy. As a result, those other than -CF 2 H ter- 
minal groups were not detected. 

[0032] The dielectric dissipation factor was measured so 
at 500 MHz. As a result, it was 6.10 X 1 0* 

Example 2 

[0033] In the same manner, the dielectric dissipation 55 
factor of a tetrafluoroethylene/hexafluoropropylene co- 
polymer (hexafluoropropylene content: 12.0% by 
weight, MFR = 10), which was obtained in the same 



manner as In Example 1 except that the proportion of 
the monomer was changed and the content of potassi- 
um was changed to 6 ppm, was measured. As a result, 
it was 6.53 x 10-*. 

Comparative Example 1 

[0034] The dielectric dissipation factor of a polymer, 
which was treated in the same manner as In Example 1 
except that the content of potassium was changed to 70 
ppm, was measured. As a result, it was 8.94 x 1 0* 4 . 

Comparative Example 2 

[0035] The dielectric dissipation factor of a polymer, 
which was treated In the same manner as In Example 2 
except that the content of potassium was changed to 
1 00 ppm, was measured. As a result, It was 9.95 x 1 0* 4 . 

Example 3 

[0036] Using a tetrafluoroethylene/hexafiuoropropyl- 
ene copolymer (hexafluoropropylene content: 1 3.5% by 
weight, MFR =17, potassium content: 1 0 ppm) obtained 
in the same manner as in Example 1 , coated electric 
wires each having a wire size (core material of copper) 
of 511 urn (20.1 mil) and a coating thickness of 196 u.m 
(7.7 mil) were produced. These coated electric wires 
were produced by molding at a rate of 305 m/min (1 000 
ft/mi n) using a single-screw extruder having a diameter 
of 5.1 cm (2 inch). 

[0037] After standing at room temperature for 10 
days, a coated portion was peeled off and a core wire 
made of copper was visually observed. As a result, dis- 
coloration was not observed. 

Comparative Example 4 

[0038] After a coated electric wire produced by using 
a copolymer which was obtained in the same manner 
as in Example 3 except that the content of potassium 
was changed to 90 ppm, was allowed to stand at room 
temperature for 10 days, a coated portion was peeled 
off and a core wire made of copper was visually ob- 
served. As a result, partial discoloration (considered to 
be caused by corrosion of copper) was observed. 



Claims 

1 . A fluorine-containing polymer comprising 70 to 95% 
by weight of tetrafluoroethylene, 5 to 25% by weight 
of hexafluoropropylene and 0 to 20% by weight of 
perfluoroalkyl vinyl ether, wherein a melt flow rate 
(MFR) (g/1 0 min., ASTM D2116) at372°C is within 
a range from 0.1 to 100, and 

the total content (ppm) of an alkali metal and 
an alkali earth metal does not exceed the value ob- 
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tained by calculating from the melt flow rate (MFR) 
at 372°C according to the formula (1) : 



52xe 0.12 S (MFR, + 2 (1) s 



and exceeds the value obtained by calculating ac- 
cording to the formula (2): 



52Xe 0.1 25(M FR, +2 (1) 



and exceeds the value obtained by calculating ac- 
cording to the formula (2): 
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0.35 X e °- 125 < MFR > (2). 

A fluorine-containing polymer wherein -CF 2 H ac- 
counts for at least half of polymer chain terminals 
and substantially all polymer chain terminals com- 
prise -CF 2 H, or -CF 2 H and -CH 3 . 

An electric wire or cable coated with a fluorine-con- 
taining polymer wherein the total content (ppm) of 
an alkali metal and an alkali earth metal does not 20 
exceed the value obtained by calculating from a 
melt flow rate (MFR) (g/10 min., ASTM D2116) at 
372° C according to the formula (1 ) : 



25 



30 



0.36 X e °- 125 < MFR > (2). 

4. The electric wire or cable according to daim 3, 35 
wherein -CF 2 H accounts for at least harf of polymer 
chain terminals and substantially all polymer chain 
terminals comprise -CF 2 H, or -CF 2 H and -CH 3 . 

5. The electric wire or cable according to claim 3, 40 
wherein the fluorine-containing polymer is a fluo- 
rine-containing polymer prepared by emulsion po- 
lymerization. 

6. The electric wire or cable according to anyone of 45 
claims 3 to 5, wherein the fluorine-containing poly- 
mer is a copolymer comprising at least two mono- 
mers selected from the group consisting of 
tetrafluoroethylane, hexafluoropropylene and per- 
fluoroalkyl vinyl ether. 50 

7. The electric wire or cable according to anyone of 
claims 3 to 6, wherein the contained alkali metal and 
alkali earth metal comprise at least one of potassi- 
um and sodium. 55 
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